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X(3872)

= at DD* threshold
E,=160+330 keV

but no threshold effect
I' <1.2 MeV — too narrow (~10 MeV)
Bugg, J_Phys. G35(2008)075005 Belle, Phys. Rev. D 93, 052016 (2016)
* but DD* decays dominant full data set
(factor ~10 larger than other decays)
— molecule ?
" violates isospin

B(X(3872) — J/pp)

factor ~10% too large
= JPC=1++, predicted nearby %'
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X(3872)

Barnes et al., Phys. Rev. D72(2005)054026
— mass =50 MeV higher

— width factor >100 larger

no admixture observed
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Y STATES
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OVERPOPULATION OF JPC¢=1-~ STATES

Mass / GeV
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M(tr-J/ly) (GeVic?)

* Non-trivial two-doublet pattern

* No higher states up to 7.0 GeV

« Dominated by J/yf;(980) (I=0)
— no indication for isospin violation
but decays to Z(3900) isospin triplet

* decay to eTe™ not seen (although 1- -)

decay to D(*)D(*) not seen (although phasespace huge)
— ,,hybrid” 7
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Events / 0.01 GeV
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?

resonant state?
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Events / 0.01 GeV

/ STATES

Belle, Phys. Rev D80(2009)031104 LHCb, Phys. Rev. Lett. 112(2014)222002
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TWO DIFFERENT CLASSES OF Z STATES 7
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— narrow widths

— large widths
— near thresholds

— not connected to thresholds?

Only Belle Il can do both.
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Landiao LIU, QWG 2016

/ STATES AT BESIII
DD* threshold D*D* threshold
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All of them 14, whereever tested.
What about the DD threshold?
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Events / 0.01 GeV

Z AT DD THRESHOLD ?

—+ Data
e DD threshold — Total fit
80 3739t I\I;IeesvO -==+ Background fit
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Wrong" JP: DD gives 0+, J/ym gives 14 in S-wave, 0— in P-wave
Would be accessible in h_x, but phasespace very small
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PUZZLE: all measured Z+ masses are above thresholds

State m/MeV Threshold | Am/MeV
7..(3900)(3899.043.6+4.9 | DY D™ |+22.4
7..(3900)(3899.0+3.6+4.9 |D°D " |+23.9

7..(3900) |3894.546.644.5 | DTD~  |+17.9

7..(3900)|3894.546.6+4.5 [D°D" " |+19.4

Z..(3900) |3885-£5+1 DD |+84

7..(3900) [3885+£5+1 MeV |D°D™"  [4+9.9

7.(3885)|3883.9+1.5+4.2 [DYD”  |+7.4

7.(3885)|3883.941.54+4.2 DD |+8.8

Z..(4020)]4022.940.842.7 | DD~ |+5.6

7..(4025)4026.3+2.6+3.7 | DD [+9.0

threshold effect

tetraquark
molecules

possible?
yes (by loops)

yes (spin—spin forces)

no, if bound state (pole below threshold, E;>0)

S. Lange (Giessen)
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CHARGED AND NEUTRAL Z

State m |[MeV] Width [MeV| Decay
Z.(3900)T  3899.04+3.6+4.9 46410420 J /[yt
Z.(3900)°  3894.842.3+2.7 29.6+8.2+8.2 J/¢r"
Z.(3885)F 3883.9+1.54+4.2 24.843.3+1.0 (DD*)*t
7.(3885)0 388577 ;0484 350 5+15 (DD*)°
Z.(4020)F  4022.940.842.7 7.942.742.6  h.nt
Z.(4020)°  4023.842.2+3.8 Fixed to 7.9  h.7"
Z.(4025)T  4026.342.6+£3.7 24.845.6+£7.7 (D*D*)*
Z.(4025)°  4025.573943.1  23.046.0+£1.0 (D*D*)"
BESIII, Phys. Rev. Lett. 110 (2013) 252001
BESIII, Phys. Rev. Lett. 115 (2015) 112003
4- quark Content BESIII, Phys. Rev. Lett. 112 (2014) 022001
charged Z [ccud], neutral Z [ccuu],[ccdd]  gesin prye. Rev, Lotk 111 (2013) 242001
— masses may be different BESIII, Phys. Rev. Lett. 113 (2014) 212002
BESIII, Phys. Rev. Lett. 112 (2014) 13200
BESIII, Phys. Rev. Lett. 115 (2015) 182002
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X(3872) AND Z(3900) ISOSPIN TRIPLET

for parity assume L=0
(close to threshold)

mass degenerate
Z(3900)+ 1+

Z7(3900)° 14 -
=10 MeV Z(3900)- 1+

THRESHOLD
I' <1.2 MeV I' =50 MeV

s the Z(3900)" 0~ the isospin partner to the X(3872)7?

No!
Wrong G-parity.
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HIGH
LUMINOSITY
EXPERIMENTS

LHCb — see talks by
S. Eidelman
T. Skwarnicki

ATHOS/PWA, Bad Honnef, 16.03.2017
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BESIII
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BEPC 1 (Beumg EIectron P05|tron colllder) s

" g Tl N

. Data taklng since 2009
. * Luminosity reached 1 x 1033 cm™2 s71
(04/05/2016, factor 100 x BESII)
* Future:
possible 10 year program (all physics topics)

possible upgrade V(s)>4.6 GeV
r 4 - TS U A

XYZ States | S. Lange (Giessen) DPG Wauppertal, 13.03.2015 20
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e ——— I N | i
Belle Il 17.05.2016 =
- G7 Science Ministers visit Belle

Bundesministerium
flir Bildung
und Forschung

l Peak luminosity x 40
S  Integrated luminosity x 50
(,nano“-beam)

| Phase Il (all detectors
.-r w/o SVD, PXD)
planned start 02/2018

% possibly Y(6S)
SOy e 2



P — =
* HESR (PANDA storage ring)

- dipole magnets in Jiilich
+ first delivery to Darmstadt

Potential run plan:
startup phase

1x 103 ecm™? st "I . Ritman, COMPASS beyond 2020 workshop, CERN, 03/2016

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017 22



X(3872

Y(4260)
Z(3900)
Z(4430)

X(3872)
Y(4260)
Z(3900)
Z(4430)

NUMBER OF XYZ PER DAY

BESIII BELLE Il (scaled from Belle,
assume 40 fb~1 per day)

0.7 (radiative) 8.5 (Belle was 0.2)

50 23.6

10 5.0

— 8.3

LHCDb PANDA 1311.7597[hep-ex]

(assume 2 fh—1/year) (startup, £=1 x 1031 cm~2 s1)

1.7 (trigger) 65 (50 nb, B=5%)

- 1900 (<67) (2 nb, 3=100%)

— 405 (<14)

4.7 —

Numbers are private estimates, by scaling from publications.
Events reconstructed in J/ym(m).

Luminosity per day fixed (i.e. luminosity profiles not taken into account)
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WHAT
ADDITIONAL
STATES
ARE REQUIRED 7




WHICH ONE IS THE HOLY GRAIL ?

4@";*‘% Choose wisely!
T

Indiana Jones 3, The last crusade
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PLEASE
KEEP IN MIND
THE FOLLOWING
PAT TERN




b
=
v Y
s Ipu"u"u"
A o — I’ hes X&_.:H
s [Ny xa Xe . hes Y345
e o Vb Y
??” ! B o S h.; X234
N e o X Xz T
e I il Me2  apo W3 DD*
o X(3872) T Mi_ vU- DD
e -
h,. Xe1 _Xe2
X el
J
3 |1 i (neutral)
(charged) should be
outside this frame
Charmonium

JPC o-t 1~ 1t ott 1+t 2ttt o=+ 1= 2-— 3 3t- 234"t 345~
Barnes, Godfrey, Swanson, Phys. Rev. D72(2005)054026 4=+
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READY 7
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TETRAQUARK
DIQUARK ANTI-DIQUARK MODEL

State JFC Diquark content

[qQllaQls 1S

ot+ SS
diquarks 1T (SA+ SA)/V2
are colored 0+ S scalar AA

1+ A axial-vector AA

2+t AA

1P

1= SS

Ebert, Faustov, Galkin
Physics Letters B 634 (2006) 214-219
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Mass / GeV

15[} 351 lF'l HF'[} 3F'1 :iF'g ng 3D1 :iDg E'D':-], lF:-], :iFZ::-l:e]lG4 HG:-IA:E
0++4+ DOUBLET, but no 1++ DOUBLET
e hes_X2,3.4 ,
_ hes Y345
' ) .I'ﬁ- e h.; X234
B S DD
» \ DD
£ Ye
- X(3872)
Charged partner of the X(3872)
3/ almost degenerate in mass
Ne =

Maiani, Piccinini, Polosa, Riquer (,, MPPR")
Phys.Rev. D89 (2014) 114010

Ali, Maiani, Polosa, Riquer

Phys. Rev. D 91(2015)017502

JPC o-t 1~ 1t ott 1+t 2ttt o=+ 1= 2-— 3 3t- 234"t 345~

a-+
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Mass / GeV

15[} 351 lF'l HF'[} 3F'1 :iF'g ng 3D1 :iDg E'D:-], lF:-], :iFZ::-l:rlGﬁl HG:-]»;-I:E
Lightest P-wave (SS with L=1)
;,; ‘{,Dm
T he! Xe0 X X_:‘i_ GAP
Mez_ Y2 EFG ~240 MeV
vy S-WAVE
e B MPPR 0 MeV
rf *.['._":l'f — __1_
- h. Xel Xe2
X el
I
Te

Ebert, Faustov, Galkin (,,EFG")
Physics Letters B634 (2006) 214

DD*
DD

JPC o-t 1~ 1t ott 1+t 2ttt o=+ 1= 2-— 3 3t- 234"t 345~

4—+

ATHOS/PWA, Bad Honnef, 16.03.2017
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15[} 351 1F|1 HP[} HPI :'}-sz IDQ I'IDI HDQ HD:-}. IFH HFZ,H,AG«; HGH'.‘LE

5
>
u ]
e i |
ﬁ -;:-If- 2 r r i — --;j-x-;zd:i':l ' '
= .h.r. - X::[} ;’f_ﬂ_l- -X L ' ' ¥ b ot t'b_:if! 5
ey Y. Y.
’ ' R h.s X234
4" W, o oy, =TT
— Sl DD*
Pl — az- DD
e I Xe2 .
he oo Xet ___ Four L=1 states with 1 —— (!)
: would explain overpopulation
, system of bosons
3 | e Yy s constraint on (-1)" (=1)*™) C
Acknowledgement
Ahmed Ali & Antonio Polosa

JPC o-t 1~ 1t ott 1+t 2ttt o=+ 1= 2-— 3 3t- 234"t 345~

4—+
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4-QUARK MODEL

4 quarks
(not diquark anti—diquark)

Color-spin basis

H = Z mi + How, (singlet-singlet, octet-octet)
I
B B S S A F. Stancu
Hem = Z Cijhj 450 0j. Phys. Rev. D 57(1998)6778
i, f F. Stancu, D. Brink
arXiv:hep-ph /0607077
C.. =5.0MeV, C.z=5.5MeV,
C.: =6.7MeV, C,; = 8.6 MeV.
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15[} 351 lF'l HF'[} 3F'1 :iF'g ng 3D1 :iDg E'D:-], lF:-], :iFZ::-l:rlGﬁl HG:-]»;-I:E

5
> HERE CANDIDATES STANCU
5 FOR Z0 STATES !
" "o hes X2,
& -- 3 ; B hes Y345
Y3
i heg | X234
g Fle-
i Vg DD*
; T DD
e
" J/¥  Same quantum numbers as diquark anti—diquark,
3= but more states
Two higher 14+ states (,,excited X(3872")

JPC o-t 1~ 1t ott 1+t 2ttt o=+ 1= 2-— 3 3t- 234"t 345~

4—+
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Q Q :
g _ ?4-
[QQ]Sg %2

HYBRID POTENTIALS

projection of gluon angular momentum
onto QQ axis
0,1,2,.. — 2, I1, A, ...

product of gluonic parity and charge conjugatior —_5-'! ~
(PC)g
,u' (negative), ,d" (positive)

reflection of system through plane
containing QQ axis -
Superscript ,,+" or ,—,

IIII|]III|1III

Juge, Kuti, Morningstar 0 0.5 1 1.5
Phys. Rev. Lett. 82(199)4400 (f )
Nucl. Phys. Proc. Suppl. 63(1998)3261 r m
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5 &L I
Nc 0 0 0
Iy 1 0 17 CORNELL
he 0 1 177 POTENTIAL
Xc 1 1 (0,1,2)**
Table eson Quantum Numbers.
S L J°¢
D 1- T 0+
MASS| 1 1 01,2+ (01,2 A GLUONIC POTENTIAL:
0 2 2t+ 2—— HERE II,
1 2 (1,2,3)%, (1,2,3)~

\J

Table eson 411&111:11111 NuTnbers.

Mass lower Mass higher




15[} 351 1F'1 HF'[} 3F'1 HF'Q ng :iDl HDQ HD:-], lF:-], :iFZ,:-l,rlGﬁl HG:-IA,E

4]
also (1,2,3) + —and (1,2,3) - +
L=2
+ Gap, few hundred MeV 1- +
T I'lu_')"""'" } I_:]. b}lﬁ_)ﬁf_;?_,:i.:l I,. EXOth!
70 MeV| === Ne_ X Xer Xe2 y o hey Y345
EETRY e e
R e 2 s DD*
. " PARTNER | et 0 DD
; h.. Xe1 X2
X el
e LY HYBRID
3 Juge, Kuti, Morningstar
Phys. Rev. Lett. 82(1999)4400
Nucl. Phys. Proc. Suppl. 63(1998)3261
see also Zhu; Kou, Pene; Close, Page;

JPC ot 17— 1t ott 1+t 2ttt o=+ == 2o-— 3 3t- 234"t 345~
4t

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017 37




15[} 351 lF'l HF'[} 3F'1 :iF'g ng 3D1 :iDg E'D:-], lF:-], :iFZ::-l:rlGﬁl HG:-]»;-I:E

5
> A way to explain T T T T T
O 1 — — overpopulation
Iy i
A U i
= L Y(4350) x4 Xe2.

o DD*
nr 'il_"u_'li' DD
; h,. Xe1 _Xe2
X el
J /)
31 T

IIII|]III|1III

0 0.5 1 1.5
r (fm)

JPC o-t 1~ 1t ott 1+t 2ttt o=+ 1= 2-— 3 3t- 234"t 345~
Barnes, Godfrey, Swanson, Phys. Rev. D72(2005)054026 4=+
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5

®

2

? P Ip"""'" h' ’

un e y e3 X2,34

m === : -------- !

s he Xy Xer Xezo o, hes Y345

[ 2 3

D*D*
DD*
DD
color
neutral

3|

No 04+ DD molecule | MOLECULES
(no pion exchange Tornqvist, Phys. Rev. Lett. 67(1991)556

. . See also Swanson, Rosner, Close:
forbidden by pa”ty) Guo, Hanhart, Meissner

JPC D—‘|‘ 1~ 1‘|‘— D+‘|‘ 1++ 2+‘|‘ 2—+ 1=~ »—~ 3—— 3‘|'— 2r3r4++ 3r4r5__
4—+
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Mass / GeV

DD*
DD

1+— partner of X(3872),
70 Mev lower

HADRO-CHARMONIUM
Dubynskiy, Voloshin, Phys. Lett. B666(2008)344
See also Guo, Hanhart, Meissner

JPC o-t 1~ 1t ott 1+t 2ttt o=+ 1= 2-— 3 3t- 234"t 345~

Barnes, Godfrey, Swanson, Phys. Rev. D72(2005)054026 4=+
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HUNTING
THE

04+

Tetraquark ,,ground state” ~3700

Non-existing (?) DD molecule ~3770
(one—pion exchange forbidden by parity)

ATHOS/PWA, Bad Honnef, 16.03.2017
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Radiative ' decays at CRYSTAL BALL

Radiative transitions
eg. 1—-—— — 04+

1.8 Mill. 1* decays

Problem:
suppressed by Oem

J. Gaiser et al., Phys.Rev. D34 (1986) 711

x 103

2 3Xcl

10

MPPR

0++

tetraquark

»ground state”

L b1l L1l

10 50 100 500 1000
E}- MeV
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Entries / 0.5 MeV

300
250
200
150
100

50

Radiative ' decays at BESIII

X

Y

o
[

At RN LT

ss s Rtitvenw

MPPR

O-++
tetraquark

»ground state”
| | 1 1

c v b v by by by T
01 0.2 03 04 05 06 0.7 0.8
E, (GeV)
BESIII, arXiv:1703.00077[hep-ex]
106 Mill. y* decays

Where are the 0++ tetraquarks ?
450 Mill. 1" decays on tape (2009 and 2012 data)

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017
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HUNTING
THE

14—

Diquark anti-diquark tetraquark
14— partner of X(3872), ~20 MeV higher

Hadro—charmonium
14— partner of X(3872), ~70 MeV lower

ATHOS/PWA, Bad Honnef, 16.03.2017
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14— states

* difficult in B decays
e,g. h_never seen at Belle

_200F
0—+ — 0—+ 14— < 150 +
- S 2 160
violates factorisation b
 BESIII :120_—
W' = 7 he
violates isospin (BR small) = 60E
(8.6 £1.3) x 10~* :
but still significant yield 348 350 3s; 358 356
e PANDA 1’ recoil mass (GeV/c?)

formation b — h.- possible
PP cP BESIII, Phys. Rev. D 86, 092009 (2012)

(1.27+0.74) x 100 events per day tagging on nc (16 decays)

in startup phase 1064 mill. ' events
our estimate, by detailed balance 832+35 fitted h. events

from B(h. — pp)

LHCb Eur. Phys. J. C73(2013)2462
* pp — he'

unobserved yet

— see next slide
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he'(14+-) at PANDA (MC)

3 - SL, M. Galuska, E. Prencipe, S. Reiter, S. Spataro
q30000 -y CHARM'13, arXiv:1311.7597 [hep-ex]
o -
925000
c
S F Ho
|.|.| —
20000— N
- 469912427 events
15000— signal
_ 3 hours data taking
10000— background
_ 2 x 107 events
- =15 GeV/c 1 second data taking
5000 — P&ea Y / DPM (dual parton model)
- pphertT
0: h!—D"D A | |
QE—>K —t 3.8 4 42 44
D —anything n+n—- Recoil Mass / GeV

XYZ States | S. Lange (Giessen) DPG Wuppertal, 13.03.2015
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Direct search for 1+— partner of the X(3872)
BF — J/ynK*
B = (1.24+0.14) x 10~*

14— ]
19 HADROCHARMONIUM TETRAQUARK §
= PARTNER PARTNER g
2 10 | | | -9
e 2 cSni
Q 8 t Y i:‘;
3 * =
GC) 6 E g 2 E l \8_, E
> - - _|
LL - - ‘ e > + o =2 >
4|t P I - g _ . Q&
- o 0| Llose| @ *> “l - _%
2 l Ll le Hﬁl - >y & wl > C;} C;}
L ! l IO F ST P ETEPE I N B D A

378 38 382 384 386 388 30 392 394 396
m(J/ym)/GeV

2 photons in n decay — maybe advantage for Belle |l
— plan: integrated luminosity X 50 by >2025

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017



Related:
1 ——(5=1) to 1+ — (5=0)
SPIN-FLIP




Z* states at BESIII

1001 = 3909 7250549 MeV w P m = 4022.9+0.8+2.7 MeV
[ [ = 462102 c [ ['=7.952.7+2.6 MeV
> go| PR 110(2013)252001 g 100} PRL 111(2013)242001
=N 80f
o 60_— :
=R 60
g 40
@ i
D 201 20
e T P95 400 405 410 4105 420 425
m(J/pr) / GeV mass(ht+)/GeV
. 80F
@ L m=4026.3:2.6:3.7 MeV

'E 90 m = 3883.9+1.5+4.2 MeV g /Of ['=24.8%5.6%7.7 MeV
o 80 I =24.8+3.3+11.0 MeV D eof PRL112(2014)132001
TA PRL 112(2014)022001 :

60

50 /(388

s0 (3885)

m .-

20

10F | .

Ot T
3.85 3.00 3.95 4.00 4.05 410 4.1, o A e T
m(D°D*-) / GeV nt* recoil mass./ GeV .

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017




Z.(3900) decays to J/1ym
1- 0— gives 1+
(assuming S-wave, L=0))

Threshold is DD*
0— 1- gives 1+

/.(4020) decays to h_m
1+ O0- give v
(assuming S-wave, L=0)

Threshold is D*D*
1- 1- gives 0+(1-4H)2+

/ DOUBLET

Z.(4020, 4025)

Z.(3900, 3885)

1-, S..=0

1+, S =1

requires L=1 ! P-wave decay, maybe with heavy spin-flip ?

THRESHOLD EFFECTS MUST BE S-WAVE !

ATHOS/PWA, Bad Honnef, 16.03.2017

!
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250

200

150

100

Dressed Cross section (p )
tn
=)

=

un
=

ete” — wtw h,

BESIII, Phys. Rev. Lett. 118, 092002 (2017)

-+ BESIII R scan data sample
= BESIIIT  data sample
it curve Total

- it curve (4220)
- it curve (4390)

[

I39IIII40IIII41IIII42I | I | L1 1 1
Vs(e)

Y(4260) decays to J/Y(S=1)nx and to h (S=0)mm ?
Heavy quark spin-flip !

— disfavors hybrid

— disfavors hadro-charmonium

S. Lange (Giessen)

ATHOS/PWA, Bad Honnef, 16.03.2017
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144 and 1- —
in the same data
— B decays

52



1+4+ and 1- —

* X(3872) is seen in radiative decays of Y(4260)

BESIII, Phys. Rev. Lett. 112(2014)092001

* X(3872) is seen in B decays ~ 20
o l
N :
* natural to assume: é’ 60
also Y(4260) should be seen in B decays 40'
B < 2.9 x 107 I
Belle I, assume 40 fb ™ per day % 20_
~10% reconstruction efficiency i oy
— ~34 days | 4 4.2 4.42
m(J/ynr) (GeV/c)
* And: if Y(4260) is a hybrid, Only search up to data
there should be a 1++ partner to 1 — - BaBar, Phys.Rev.D73(2006)011101
(~70 MeV lower) 211 fb L

(~1/2 of BaBar data,
~1/5 of BaBar+Belle data)
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More 1++: Jhpd [ccss] in B decays

w10 = :;.5‘3““:"'|"'|' '|D" R B
:.:"-? CDF ED.-— Dg _+_ Eala n g zan| CMS i GF:;E‘:'I fit . ]
24 > 60 (4 14()) —FullFit | 87 e e

- —anpl- — — Eventmixing [y, g, K7 ]
o = X(4140) | Zaf mpiic LIS
'g:_ﬁ' ﬁ -"-Iﬂ"_- -- X(4330) Emni_ 2 e ' E
34l — [ - PHSP : ' .
o 0 20- e ST
=E- ! = L sof T %
"""""" [ . M LS, S PR T SR N {
L 131-&1!52] 04343 a4 a5 TN TR
m{u KK )-m{ptp) [GeVie M(wa} (G 1.1 1.2 1.8 1.4 L&
eV) Am [GeV]
24804160 events

L: s S T . 18-

% x.:_ Babar 1 % 155 Belle

= - 14 g 4= i

ﬁ :_ <] : _: E ;’ 12— " ) .

T T g r T bl L L,

- 1B 6 A

a_ 1 4’ J E 4= 2 | o w [w

| FILELNE aclil i .|

e r—_ - L T_ B |_I_ ] | 2_ ::1""[ At I LY |

2 ez 41 44 45 <& <7 AR 1000 1100 1200 1300 1400 T ez w3 maE g A b
M{JAr 6] GEVIE)

My, (GeVic) M{dfug)-M{Jiu) [MeV]

189+14 events 346+20 events 325121 events
Sheldon Stone, Recontres de Blois 2016
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More 1++: Jhpd [ccss] in B decays

] 2
) o=

co
o=

Candidates/(10 MeV)

= =)
) =

]
o

LHCb, Phys. Rev. Lett. 118(2017)022003

LHCb, Phys. Rev. D95(2017)012002

o, "\. vl
Tk \\\\*j

e :-:._-#i‘““ AGWY,. *ﬂ#

000 4200 4300 4400 4500 4600 4300
my e [MeV]
* 14+ doublet — problem for diquark anti-diquark tetraquarks
solution: interpret X(4140) as threshold effect
* J/y¢ hadro—charmonium: doublet o.k., but
* sequence should be 0++4, 14++, O+4, 14++
* m@3/y)+m(¢)= 4116 MeV — positive ,,binding energy” (~20 MeV)
* molecules 7 — no isospin! — 71 exchange
Karliner, Rosner, Nucl. Phys. A 954(2016)365

XYZ States | S. Lange (Giessen) DPG Wuppertal, 13.03.2015
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More 1++: Jhpd [ccss] in B decays
1205— *++ ?—i——l— LHCb |
0o + +1 " e(e\-
OF 14+ W ot be 't "

\
% oY B e\\.su } rks

Candidates/(10 MeV)

J/l[)(l) hat be
° Sequen may u—l__'_, ]-—"_'_1 O"“l‘, ]."_—'_
* m(J/y)-...9)= 4116 MeV - positive ,binding energy"

* Molecules 7 — no isospin! — 71 exchange

Karliner, Rosner, Nucl. Phys. A 954(2016)365

XYZ States | S. Lange (Giessen) DPG Wuppertal, 13.03.2015
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Upper limit on X(4140)
Belle B<6 x 10° at 90% CL

2016/17: factor ~10 more B mesons
(CMS and LHCb)

— entering B~10"' regime
— new observations

57



SUMMARY

BESHI  1+—
04+ PANDA
1++ and 1 — —
Belle 11

LHCb

Acknowledgement to Changzheng Yuan.

THANK YOU.

ATHOS/PWA, Bad Honnef, 16.03.2017
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BACKUP

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017
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The connection between the X and the Y
e+e— — Y(4260) — X(3872) y

BESIII, Phys. Rev. Lett. 112(2014)092001

> 15 - I I I I —

§ - —+ Data

o _ — Total fit

~ - -== Background

n 10 —

- N

c

o N ]

> N i

LLl | 4
5 1 \l $l :

Mmﬂm IR H IR I

g.8 3.85 3.9 3.95

Mass(J/vpy) / GeV

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017




NEW! COMPASS — Photoproduction of X(3872)

X(3872)

Tc"‘*

Muon data of 2003-2010

o]
NX(3872) = 13.9+4.9 %:z; COMPASS ongoing analysis
Oy = 20.646.1 MeV 8 =
E0 LT A

goes beyond kinematic |*°

limit in B decays .-

COMPASS Preliminary 5 5 GeV! |se
J. Bernhard, BARYON‘16 |
_ : : _ 4 42 44 46 48 5
A. Gridin, 121th JINR Scientific Council M,y o [GEV/CT]

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017 61



Mass (MeV)

4050 ~

4000

3950 |

3900 -

3850

3800

3750 -

3700 -

3650

3600 -

g ————

()'L'F 1';'4' 1 4"‘ 214'4'

JPC

Maiani, Piccinini, Polosa, Riquer (, MPPR")
Phys.Rev. D89 (2014) 114010



Mt. Tsukuba

~ SuperKEKB asymmetric B meson factory, e+ e- — BB

.. adjusted to Y(4S) resonance, Vs=10.6 GeV . g i
different beam-ensrgiesgs e e '

- 8GeV - 7 GeV (lower emlttance) _— %
35 GeVl — 4 GeVm@T%tschek IrFet+me§... i s 3""&"";;5"*: e i -

Upgrade Iurﬁrmosﬁy peak x4O 1:H=teg|;a¢ _;,;50 52

s
- =X g i i L = = - e . J .'q-\l:'l— - E . L = H-ﬂ.’- = --:_ ; s




Super

J)<== Nano-Beam Scheme

Belle — Belle Il KEKB  (without crab)

Luminosity x 40
L < 0.8 x 103 cm=2 571

crossing angle

SuperKEKB

originally proposed for SuperB
by P. Raimondi (INFN)

83 mrad
crossing angle

graphics E. Paoloni (Pisa)
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@ K E K Inter-University Research Institwte Corporation
: High Energy Accelerator Research Organization

Press Release

First turns and successful storage of beams in the SuperKEKB electron and positron

rings

S. Lange (Giessen)

March 2nd, 2016

High Energy Accelerator Research Organization (KEK)

ATHOS/PWA, Bad Honnef, 16.03.2017




June 21, 2016: LER beam current exceeded 1 Ampere

1999 T T T T I T T T T T | T T T T T I T T T T T | T T | I — 1999
| ——CH2: I pg dt( 718.0Ah) j
= 800[7___ CH4: I;en dt( 631.5Ah) —[800@
< I 1
—_ | :
< - 600 —600
E M~ - i
bl O _ -
DX S I i
=X 100 400
- - March 2, 2016 -
o = -
% - -
= 200 —200
E. fﬁ L I [ I I TR : a4 4 ¢ 1 4 i 4 4 i L E.
e 4/1 5/1 6/1
3/1/2016

Time



assume 50 ab™! (>2024)

' =

Production and Decay N =
B KX(3872), X(3872)—J /vmtn—|~14400
ISR, Y (4260)—J /1T~ ~29600 |
B— KT Z(430), 2(4430)—J /yr* | ~10200

~ - o

-m.; — search for rare decays fea5|ble

same number of X(3872):
* LHCb (upgrade) with =40 fb! (20267)

(assume no change in trigger efficiency)
* PANDA =20 days (pp — X(3872))

-a.,}? P‘f— f

Super (D

KeEKS »




Belle Il DEPFET Pixel Detector D
Univ. Bonn, DESY, Univ. Giessen, Univ. Goéttingen, Univ. Hamburg, Univ. Heidelberg, @
KIT Karlsruhe, Univ. Mainz, HLL Munchen, MPI Minchen, LMU Minchen, TU Minchen

Belle I

S. Lange (Giessen)



P-wave tetraquarks

In the diquark anti-diquark model.

Label J©¢ 1590, 850: 5, L) s Sqq:500: 5", L") 4 Mass
Y 1-- |B,D;[}, ].}1 (lﬂ,[};[},l)l-l- \/fo_’ll,l;[},l)l)/Z Mg — 3F.IQQ —I—BQ
Y, 17— (1,051, 1)1 +10,1;1,1)1) /V2 11,1;1, L"), Moo — Kqo + 2a + Bg
Yg | |]_,]_;D, ]_}1 (\/:)_’lﬂ,ﬁ, D, ].)1 — |1,1;0,1)1)/2 MDD-I-HZQQ -I-BQ
Y, 11,1;2,1); 11,1;2, L"), Moo + Kkqg + 6a + Bg
Ys 1-- 11,1;2,3); 11,1;2, L"), Moo + kqeq + 16a + 6Bg

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017 69



s the Z.(3900) a kinematical effect 7

Bugg J. Phys. G35(2008)075005, Phys. Lett. B598(2004)8
Chen et al., Phys. Rev. D84(2011)094003

* threshold opening of a 2nd channel
Swanson, PRD 91(2015)034009

* channels are ,,coupled” 100
(by unitarity of T matrix) ol

* advantage:
lineshape may peak above threshold
(although pole below threshold) 20 |

arb. units
w
o

] 3.6 ‘ 37 38 9 4 4|.‘1\ 4.2
* disadvantage: MU e (GeV)
* couplings unknown

* some parameterisations only 15t order (assume small couplings)

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017 70



Is the Z.(3900) a kinematical effect 7

n: D n: D D :
| | line shape model has 3 free parameters
v < Y (fitted to data)
D D D

Events/4 MeV

100

80

| T T | T I T | T | T
- ] Guo, Hanhart, Wang, Zhao -

arXiv:1411.5584 hep-ph]
Phys. Rev. D 91(2015)051504

388 39 3.92 394 3.96 308 4
MD“D" [G&V]
Guo et al., Phys. Rev. D91(2015)051504
slide by C. Hanhart, SCHLECHING'15

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017

71



Events/4 MeV

Is the Z.(3900) a kinematical effect 7

Only with full order there is
80 |- a pole below threshold .
ut lineshape does not fit data!-

3.88 39 392 394 3.96 398 4
MD“D" [Ge‘v’]
Guo et al., Phys. Rev. D91(2015)051504

slide by C. Hanhart, SCHLECHING'15

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017
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Is the Z.(3900) a kinematical effect 7

n: D nt: D D
X : Y Z :
D’ D’ D’
lm | T | T | T | T | T T
- couplings adjusted (<<1)
80 |- 1 — sufficiently small to justify -
i 1st order of perturbative expansion
% 60 } ] _
=
0] SR S I O S T_—'
1 1t
201 } { } { { {. { { 7]
0 | | |

3.98 4

Guo et al., Phys. Rev. D91(2015)051504
slide by C. Hanhart, SCHLECHING'15

3.94
MD"D" [G«EVJ

S. Lange (Giessen)

ATHOS/PWA, Bad Honnef, 16.03.2017
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The quest for the pattern
Where is the J=0 partner of the Y(4260) ?

* molecule

(e.g. Guo, Hanhart, MeiBner, Wang, Zhao, PLB 725(2013)127)
IDD,] for 1-is the ground state

— mass for [D*D4] for 0— would be ~135 MeV higher

* tetraquark (e.g. Burns et al., Phys.Rev. D82 (2010) 074003)

* L=0 only has positive parity states: 0++ (~3770)

* L=1 — 0—+ would be 100-150 MeV higher (spin-spin forces)
* hadro-charmonium

Y(4260) = [J/v fy

. fo] is 0—+ — mass ~120 MeV lower
* hybrid

e.g. Kou, Pene, PLB631(2005)164

1-—is 5. =0, L. =0, Lgjyon =1,

O—+ would be S_. =1, L. =1, L =0, ~500 MeV higher

gluon

— search in radiative transistions

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017 74



2
’P(m) . ’P{m)
= ¢ .
J{m} Bl{m) P(Ml) +eb,; (m) P(Mz) -+ BESIIL: R-scan data sample
py -+ BESIIL: XYZ data sample
EI- lel]:— —Fit curve: Total
. . L \AS = K Fit curve: Y(4220)
Bi(m): constant width Breit-Wigner 2 1505 i curves Y390
function 2 F
2 100F
P(m): 3-body phase space factor ._% s
¢: relative phase between two E 50— “
resonances 2 I . ]
=] 00—
significance of two structures _5.]2_
assumption over one structure > oo A el a2 a3 aa a5 T as
s (GeV)
10
| M(Mev) | T, (MeV) | T.cBr(eV) b (rad)
Y(4220) 4218.4+4.0+0.9 66.0£9.0£0.4 4.614.1+0.8
Y(4390) 4391.6126.3£1.0 139.5+£16.1+0.6 11.849.7£1.9 3.1£1.5+0.2

NEW! BESII Preliminary, Jianming Bian, QWG'16

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017



Y(4260)

h_c pi+ pi-
(4218.44+5.5—4.5 + 0.9) MeV
(66.04+12.3—8.3 +0.4) MeV

J/psi pi+ pi-, BESIII
(4222.0 £+ 3.1 + 1.4) MeV
(44.1 + 4.3 + 2.0) MeV

J/Psi pi+ pi-, PDG
4251 = 9 MeV
120 £ 12 MeV

S. Lange (Giessen)

ATHOS/PWA, Bad Honnef, 16.03.2017
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Prospect for X(3872) at Belle |

" yield of X(3872) — J/ym+m— in 2020-21 (assume 10 ab™1)
will be about Belle | yield of ' — J/ym+m—
o if I X(3872) 0.23 MeV (bias)

the width of the X(3872) can be measured
with a systematic error of +£110 keV
(already proven by Belle I)

" width measurement in X(3872) — J/vyvy
expected yield N=350 in 2020-21
scaled from Belle, Phys. Rev. Lett. 107(2011)091803
(factor =2 more than X(3872) — J/yn+n— at Belle D
—» monoenergetic photon
provides 4t constraint
(AE/E~2%)
— systematic error on width
may become <110 keV

30/
25-
20
15

Events/ 9.5 MeV/c?

10

S-

875738 385 39 395 4
M, , (GeVic)
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What important knowledge is missing?
— Width of X(3872)

upper limit on width (Belle 1),
I' < 1.2 MeV

for pure % ;' charmonium state,
prediction ' = 40 keV

G. Y. Chen, J. P. Ma, arXiv:0802.2982[hep-ph], Phys. Rev. D77(2008]097501.

if molecule
- must be larger than width of D*
I' > 823+1.24+1.4 keV

E. Braaten, arXiv:0711.1854 [hep-ph], Phys. Rev. D77(2008)034019.
- long-range molecular components in the wavefunction?

— measure the width of the X(3872)
in the sub-MeV regime
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s the X(3872) exotic ?

TETRAQUARK
[aQ]5[aQ]s
Diquarks
e are colored

Maiani, Riquer, Piccinini, Polosa, Burns;
Ebert, Faustov, Galkin; Chiu, Hsieh;
Ali, Hambrock, Wang

THRESHOLD CUSP

X(3872) I/

JIT

Bugg; Swanson

S. Lange (Giessen)

MOLECULE
Intriguing Analogon
1.8 GeV 2 GeV

‘ PION ‘
1 GeV 1 GeV

@ PION @
Torngvist; Swanson; Braaten, Kusonoki,

Wong; Voloshin; Close, Page
Guo, Hanhart, Meissner

ATHOS/PWA, Bad Honnef, 16.03.2017
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s the Y(4260) exotic 7
TETRAQUARK

higher excitation 7 HADRO-CHARMONIUM [J /4 £,(980)]

— T T T T T
[ == a*n continuum

(] e Interference term
- —— f,(980) component
e — All components B

Events / 20 MeV/c?

OI_-I-I-! AL *AAL"

- BaBar, t .
""" Phys. Rev. D86(2012)051102
Maiani, Riquer, Piccinini, Polosa, Burns B TN A F T :.i T

m(7T'T)(GeVich)
Voloshin, Li

(Guo, Hanhart, Meissner)

MOLECULE

— HYBRID
heavier mesons (DD1(2460)) 7

‘- - -‘ [QQlsg
PION

[Swanson, Rosner, Close

Guo, Hanhart, Meissner Zhu; Kou, Pene; Close, Page;
Lattice QCD, Bernard et al.; Mei, Luo

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017
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L.t states at BESIII

100'_m = 3899.01+3.6%4.9 MeV
- T = 46£10£20 MeV
> | PRL 110(2013)252001
o 80
G _
o 60f Decay to DD* dominating
SN, LT R=62+1.1427
c [ I q similar to X(3872)
o 20
0 favors molecule interpretation
m(J/pr) / GeV but:
very different from Y (4260) !

£ 90 — (*)D(™)
= m = 3883.9:£1.544.2 MeV (decay to D(")D(*) suppressed)
o 80 I =24.8+3.3+11.0 MeV
TA PRL 112(2014)022001

g + although here:

2ob | Iy Zc(3885) Y(4260) decays !

30 R i L

123 ‘- - +.. +¢ _fo-_l

SC.JBSPS.QO 3.95 4.00 4.05 4.10 4.1

m(D°D*-) / GeV o
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L.t states at BESIII

w 12 m = 4022.9+0.842.7 MeV
= oo I'=7.942.742.6 MeV
3 PRL 111(2013)242001

Z.(4020)

Decay to DD* dominating
R=12+5

e .

410 415 420
mass(ht+)/GeV

4.00 4.05 4.25

favors molecule interpretation 80F

L m = 4026.3+2.6+3.7 MeV
70F I'=24.8+5.6+7.7 MeV
6ol PRL 112(2014)132001

4.02 404 4.06 4.08
nt* recoil mass / GeV D tag l

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017



Y (4260) Parameters

BaBar

CLEO-c

Belle

Belle

BaBar

BaBar [6]

L

211 b1

13.3 fb~!

553 fth !

548 fb !

454 fb—1

454 fb—1

N

125223

5.2
14.1752

16524

324121

344439

Significance

~&c

~4.90

>To

>150

m / MeV

42594812

7
428371 +4

4295+10713%°

-
4247+12757

425246712

42444544

I' /| MeV

88+23+16

+40
7074

133+2671 23

108+19=+10

105+18+2

1147184y

O T W9 N

S. Lange (Giessen)

ATHOS/PWA, Bad Honnef, 16.03.2017

BaBar Collaboration, arXiv:hep-ex/0506081, Phys. Rev. Lett. 95(2005)142001.
CLEO-c Collaboration, arXiv:hep-ex/0611021, Phys. Rev. D74(2006)091104.

Belle Collaboration, arXiv:hep-ex/0612006.
Belle Collaboration, arXiv:0707.2541[hep-ex|, Phys. Rev. Lett. 99(2007)182004.
BaBar Collaboration, arXiv:0808.1543[hep-ex].
BaBar Collaboration, arXiv:1204.2158 hep-ex|, Phys. Rev. D86(2012)051162.
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Y(4260), THRESHOLD EFFECT?

D D, threshold

1869.58+2420.8 = 4290.38
Width 31.74+2.5 MeV

(factor ~3.5 narrower than peak)
No obvious lineshape distortion.

]
~ Belle

——

|

LI I | I I | L ]

by
T

1 I 1 1 1

I S
45
E. (GeV)

< 9.9

BaBar CLEO-c Belle Belle BaBar BaBar [6] [1] BaBar Collaboratiop, arXiV.:hep-eX/O506081, Phys. Rev. Lett. 95(2005)142001.
I 211 -1 1133 b2 1553 b1 548 fb-1 154 oL 254 o1 [2] CLEO-c Collaboration, arXiv:hep-ex/0611021, Phys. Rev. D74(2006)091104.
s [3] Belle Collaboration, arXiv:hep-ex/0612006.
N 125423 |14.1755  |165+24 324421 34439 |- [4] Belle Collaboration, arXiv:0707.2541[hep-ex|, Phys. Rev. Lett. 99(2007)182004.
Significance | ~8c ~4.90 >To >150 — — [5] BaBar Collaboration, arXiv:0808.1543[hep-ex].
m / MeV 425gigj26 4283'_"}(@:4 4295i10j:1;0 4247i12j}3; 4252i6j§ 42444+5+4 [6] BaBar Collaboration, arXiv:1204.2158[hep-ex]|, Phys. Rev. D86(2012)05116:2.
I /MeV |88+23%6 |70710 13342671 [108419410 |105+1874|114+18 47 [7] Belle SVD Group, R. Abe et al., Nucl. Instr. Meth. A478(2002)296.

S. Lange (Giessen)

ATHOS/PWA, Bad Honnef, 16.03.2017
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Y(4260), blocked decays

8 * Y(4260) — e+e— not observed
B(Ihpr+n—) X Ble+ e—) = (7.5+0.94+0.8) eV
BaBar, arXiv:0808.1543

— factor 10° smaller than '

*Y(4260) — DD not observed

BaBar, Phys.Rev. D79, 092001(2009) s factor ~60 smaller than w(3770)

B(Y (4260) — D*D)

= 34 (but much larger phasespace)
B(Y (4260) — J/yn+t7m—)

B(Y (4260) — D*D*) * — hybrid 7
< 40
B(Y (4260) — J/yntm—) e.g. DD p-wave decay
,spatial sum rule”
BaBar, Phys.Rev.F)76:111_105,2007 C and C are spatially Separated
B(Y (4260)—~DD) < 7.6 can not couple to L=1

B(Y (4260)—J /[ymt7—)

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017 85



Y(4260) — different background ?

> S :
; 41 crossing angle
Q 0 +11mrad
g 9 l0F
G £2¢
> >t
w ot
of
il (83 mrad in Belle I)
55 4 45 5 55
M(y'rr)/GeV
‘ s D
> R BaB ¢
g :s |  babar |}
0 - } - 9 -
N i T~ i} = . .
N . ] head-on collisions
£ N
L ; f | ; <

) g L ] )
442 44 46 48 5 52 54 56 S8

b .qu: “.‘

11y /il A E NS N Ly K
I8 4 42 44 46 48 5 52 54

My #r )/ GeV My 71 )/ GeV

'
I !
il
»-.HUI] i

!
|

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017



X(3872), isospin 7

* almost no non-resonant 3-particle
phasespace component
2 particle decay (back-to-back)
* dominated by p9 (~100%)
ISOSPIN VIOLATING
* only two similar decays known
in charmonium B~1073
but branching fraction of
B(X(3872) — J/yp)
is order of ~10%
factor ~102 too large

Events/ 0.02 GeV

Events/ 0.02 GeV

Belle, Phys Rev D84(2011)052004

40r
353— without +
- p/w interference | |- +
- Belle '-..
g 711 bl +
10- + '.
i '
B 1 YR R
40r

s With

2t p/o interference

25:—
20;-

15?— +
10;— b
o

T L

0.4 045 05 0% 06 065 07 075 08
M(rn) (GeV)

o/w interference can explain lineshape.

(proposed by Terasaki, Prog. Theor. Phys. 122(2010)1285)
— X(3872) does not ,,contain” isospin

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017
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Yield 21+-11 (<40.2) for h_

— Panda 1.47+0.86 ub (our value, by detailed balance)

1 x 1031 — 0.864 pb~1 per day — (1.27+0.74) M events per day
LHCb, 1303.7133[hep-ex|, Eur.Phys.J. C73 (2013) 2462

60 —————————————————r
50
40
30
20
10

‘-.
- .

3300 3400 3500 3600

1/(my? = 4 m_2) in numerator
increases cross section for smaller My
— more yield than X(3872)

XYZ States | S. Lange (Giessen) DPG Wauppertal, 13.03.2015 88



I' [Y(5S) = Y(nS)xn* v ]is huge
Y(4S) — Y(nS) n*m-

~1/20 data
477 fb! / |
~1/10 cross section
2251 Y(4S)Y(15) but factor =8 more events
i - g 1
2 200k ] enhanced by factor >103 |
= [ ]
S 175k on-resonance k
=~ _
= : ) ] —
g o 2] Y(5S) — Y(nS) n*n
125 % . 21.7 b1
: o0 ] L.l IN ”
1005— 2S E j gggg(a)uprtrtcaindidatesinthef’(15)—>p*u‘§region 5
75 F . > T F 'Y (28) Y(38)  Yes) o IY(E8)”
: 3S ] v 0F ' . ' o
: = E ! : N
50 | - o 2005 ' +
: 4S5 = 150F \ o
25 | ] 2 100f . o
_ ' g 0f :
ol - J L 0k
0.3 04 0506 07 08 09 1 11 12 13 0.4 0.6 0.8 f 17 14

Am/Ge

Belle Phys. Rev. Lett. 100, 112001 (2008)

Phys. Rev. D75(2007)071103

— Y(5S) appears exotic itself !

XYZ States | S. Lange (Giessen) DPG Wuppertal, 13.03.2015
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Y(6S) at Belle II

Belle, Phys. Rev. Lett 117 (2016) 142001

IR

4- %

a®(h,(1P)T') (pb)

Each scan
point ~1 fb™1

o®(h,(2P)r'T) (pb)

llIJJlIJIILL‘£IILIIIII

I
108 10.85 109 1095 _ 11
E.. (GeV)

Y5S is maybe exotic itself (B(Y(5S) — Y(nS)nmr) factor 1000 too high)

Y5S not observed (yet) at LHCb

plan: take data at Y(6S) 11020 in phase Il (02-06/2018'), 204+-20 fb-1

Is Y(6S) exotic, maybe BB**(0-1+) or B*B**(1-1+) molecule ?

for details see Bondar, Mizuk, Voloshin, Mod. Phys. Lett. A32 (2017) 1750025

S. Lange (Giessen) ATHOS/PWA, Bad Honnef, 16.03.2017 90



Events/5 MeV
2
S

First observation of
h,(1P) and h (2P)

Y(5S) Decays

T+ - MISSiNg Mass

Belle, 121.4 fb-!
Phys. Rev. Lett 108(2011)032001
arXiv:1103.3419[hep-ex]

40000

r(2s) A
=
| 1
=
h,(2P)
Y(3S)

XYZ States | S. Lange (Giessen) DPG Wuppertal, 13.03.2015
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15[]. 351 lF'l HF'[]. le HPQ lDz 3D1 HDE 3D3 lF:-], HFE:H}[G4 HG:-IA:E

gt BELLE
u .
— Y(5S) decays (accelerator energies changed to 10.86 GeV)
211 121.4 fb™
m
= Y(55) 5 o
X B'BS
_]!l 4 - BE*
d: : L Yoo o Xbl Xb2
; — fihz Th
! T{LH) e —— ===
10 M 4~ b xpo Xb1 X b2
\J
Y(15) Advantage for Belle II:
KA Y(5S) never seen at LHCb
9

o-t 17— 1t~ oft 1t 2t 2=t 17- 27— 37- 3t~ 234" 345"

4-+

XYZ States | S. Lange (Giessen) DPG Wauppertal, 13.03.2015 92



ete — T(5S) —> \hb(mP)’/(_l T

resonant state?

12000}
> o00ot M(1P) Belle, Phys. Rev. Lett 108 (2012) 122001
(D] L
s i Belle, Phys. Rev. D 91, 072003 (2015)
= W0 > 185
: 6000 1+
»  4000F
% .
S 2000F
g {11 preferred for both
L OF .

lm. (other JP rejected by >60)
2000 1|
10.4

/,(10610)* m=10607.2+2.0 MeV , =18.442.4 MeV

2.6 MeV above BB* threshold
Z,'(10650)* m=10652.2+1.5 MeV , I'=11.54+2.2 MeV

2.0 MeV above B*B* threshold
confirmed in 5 decay modes

XYZ States | S. Lange (Giessen) DPG Wauppertal, 13.03.2015 03



HOW MUCH
RESONANT Z, 7 vos)

(Events/10 MeV/c?)
&

M09 G SPIN-FLIP | SPIN-FLIP 1 Y(35)

"o
% 17500 F (b:l
I = 15000F
o [
‘; T 12500F
®
2 Emnnn— hb(]_P)
% W 7500F
2 b
S 5000 +
5 2500F
e 0 r
S, , ). 106 07 10.4 105 106 10.7 h b(2 P)
10.45 10.5 10.55 10.6 10.65 10.7 M, (), GeV/c? M, . (m), GeV/c?

M(Y(2S)m)___, (Gev/c?)

O 1 Phasespace increases
*%:1:: ! but non—resonant fraction decreases
3 1 Compare Y(4260) — Z(3930)
: . i 21.5% resonant

B memw % BESIII, Phys. Rev. Lett. 110 (2013) 252001

M(Y (3S)m) ., (GeV/c?)

XYZ States | S. Lange (Giessen) DPG Wauppertal, 13.03.2015 94



Estimate of peak luminosity at BESIII

3 [
110 71~1.89G pax0.o1x (122)°
[ ) En \4 8.732x10% = _
1. xl@[— .
1.89

1.89~2.085

31.
AT 1.0-1.7Ge

En 4
3.Uﬂx1¥2 [—
1.54

8107}
o i {En>
= 1| . -
s 6x10 [ B0y, ]
S : 8.526x10 [— o Ch
- 1.89 ) é )
¢
E
=1

o ® 2085-23

1% 10% L ]
H}qlﬂ L 72.0 EH}:H.QII{I—I:,}' |
5.1321103‘( BCI
En 1.5 -
I
ﬂ'—l P TR T PR S T TR T TR T T
1.0 1.2 14 1.6 1.8 20 22

Beam energy (GeV)

Kai Zhu (IHEP)
4th workshop on the XYZ particles
2016Nov. 23-25
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3000

—~ 2500

2000

1500

1000

Lum (pb'/10 MeV

500

Kai Zhu (IHEP)

At 4.26 GeV for n*mJd/y
egesi = 46%

€Belle = 100{0 E
bbb ;H""-‘l'r"-‘. 1 /ab, 2010 ;
3 3.5 4 25 .
Ecm (GeV)
Reminder:

Y(4260) not seen at hadron machines

4th workshop on the XYZ particles

2016Nov. 23-25

S. Lange (Giessen)

ATHOS/PWA, Bad Honnef, 16.03.2017
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